CHAPTER 18 


The ecology of jaguars in the Cockscomb 
Basin Wildlife Sanctuary, Belize 

BartJ. Harmsen, Rebecca J. Foster, Scott C. Silver, Linde E.T. Ostro, 
and C. Patrick Doncaster 



Male jaguar in the Cockscomb Basin, Belize (2003). © Bart Harmsen, Wildlife 
Conservation Society. 


The cryptic habits of Neotropical felids present a 
substantial challenge for biologists wishing to study 
their behaviour and ecology. Their characteristically 
low population densities across generally inhospita¬ 
ble habitats require ingenious methodologies to ob¬ 
tain information about the presence and activity of 
individuals that may entirely elude direct observa¬ 
tion. The jaguar (Panthera otica ) has proved to be one 
of the more difficult large felids to study successfully, 
evidenced in our still limited stock of knowledge 
about its ranging and feeding behaviours and inter¬ 
actions with other cats. 

This case study summarizes our knowledge of the 
jaguar population in and around the Cockscomb 
Basin Wildlife Sanctuary (CBWS), in Belize, Central 


America. It outlines the beginnings of research on 
what has become one of the best-studied jaguar popu¬ 
lations to date. Here we present data on population 
density, demographics, territoriality, temporal and 
spatial interactions with pumas (Puma concolor), and 
feeding ecology of jaguars in a tropical forest habitat. 


Physical description of Cockscomb 
Basin Wildlife Sanctuary 

The CBWS encompasses 425 km 2 of evergreen and 
semi-evergreen broadleaf tropical forest on the eastern 
slope of the Maya Mountains in south-central Belize 
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in Central America, 15 km from the Caribbean Sea 
(Fig. 18.1). The sanctuary includes the watersheds of 
two major rivers, divided by a series of hills (< 1000 m 
a.s.l.), which separate the sanctuary into its east and 
west basins. The two basins are surrounded by moun¬ 
tains, with elevations ranging from 50 to 1120 m 
(Kamstra 1987). The east basin is mostly flat, with 
75% of the area lying below 200 m (Kamstra 1987), 
and has been the focal area of our research. The cli¬ 
mate follows a seasonal wet and dry pattern, with a 
distinct dry season from January to May. The average 
annual precipitation is about 2700 mm, and average 
temperature is 25-28°C (Silver 1997). 

The forests of the east basin consist primarily of 
various stages of disturbed and secondary growth. It 
was selectively logged from 1888 until 1961, when a 
hurricane levelled 90% of the canopy (cited in 
Kamstra 1987). After this, major logging operations 
ceased, although legal selective logging continued 
until the mid-1980s, when the flora and fauna came 
under formal protection. To the east of the CBWS, the 
land stretching to the coast forms a mosaic of com¬ 
munity and private lands, including an unprotected 
broadleaf forest buffer, shrublands, pine savannah, 
small-scale tourist resorts, traditional rnilpa, cattle 
pastures, shrimp farms, and fruit plantations (Foster 
2008). The farms and villages suffer intermittent live¬ 
stock predation by jaguars and retaliatory lethal con¬ 
trol of jaguars is common (Foster 2008). 

The CBWS forms part of the Maya Mountain forest 
block, ^5000 km 2 of contiguous forest in southern 
Belize made up of 14 protected areas and forest re¬ 
serves (Fig. 18.1). This forest block connects with the 
remaining forested areas of Guatemala and, through 
unprotected forest patches, to northern Belize and 
the Mexican Yucatan. Thus, the CBWS forms a criti¬ 
cal link in the Mesoamerican Biological Corridor, at 
the heart of a protected area complex that may con¬ 
tain one of the largest jaguar populations remaining 
in Central America (Sanderson et al. 2002b). 


Jaguar research in the Cockscomb 
Basin Wildlife Sanctuary 

With its large contiguous expanse of relatively undis¬ 
turbed and protected moist tropical forest, the CBWS 


offers a study site for jaguars that, if not unique, is 
extremely rare in Mesoamerica. This is a habitat in 
which jaguars have not been extensively studied 
elsewhere, and one that is relatively free from the 
anthropogenic pressures of hunting and habitat 
destruction that threaten jaguar populations 
throughout much of their range. The reserve is rela¬ 
tively easy to access, has a well-mapped and exten¬ 
sive system of foot trails, the cooperation of most of 
the communities surrounding the park, and the flora 
and fauna have been the subject of extensive studies 
(Rabinowitz and Nottingham 1986; Kamstra 1987; 
Silver 1997; Ostro 1998; Silver et al. 2004; Harmsen 
2006; Foster 2008; Harmsen et al. 2009, in press b; 
Foster et al. in press b). 

The jaguars of the Cockscomb Basin were first 
studied in the 1980s. Rabinowitz and Nottingham 
(1986, 1989) used telemetry to analyse jaguar rang¬ 
ing behaviour, conducted an analysis of jaguar diet, 
and surveyed the mammalian community. They 
concluded that the area contained one of the highest 
densities of jaguar in Central America. In association 
with the Belize Audubon Society (BAS), they recom¬ 
mended to the Belizean government that it be pro¬ 
tected. The area was declared a jaguar reserve in 
1986, and is currently managed by the BAS. 

In 2000, the Cockscomb Jaguar Research Program 
began to explore the use of remotely triggered cam¬ 
era traps as a means of studying jaguar populations. 
What started as an opportunistic deployment of 
cameras, to find out whether jaguars could be photo¬ 
graphed reliably in rainforest, has eventually devel¬ 
oped into long-term population monitoring of this 
well-protected jaguar population. Unlike pumas, in¬ 
dividual jaguars can be reliably identified by their 
spot pattern, as revealed by a pair of photographs 
taken by cameras straddling the trail at each camera 
station (Silver et al. 2004). Jaguars can also be sexed 
more easily than pumas, with their posture while 
walking tending to reveal the male's testes and fe¬ 
male's absence of testes (Harmsen 2006). Once a 
jaguar had been sexed, it could be linked to its indi¬ 
vidual identification such that further photographs 
did not require a view beneath the tail. 

The CBWS has few vehicular roads in the interior, 
so cameras cannot be checked daily. The remoteness 
and thick vegetation requires that all camera traps 
are distributed and maintained on foot, which limits 
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Figure 18.1 The Cockscomb Basin Wildlife Sanctuary (CBWS) in relation to other terrestrial protected areas and forest 
cover in Belize, Central America (from Meerman and Sabido (2001)). 


options for changing camera locations during a sur¬ 
vey. Consequently, a relatively static grid of camera 
stations (Fig. 18.2) was designed, compared, for ex¬ 
ample, to the more flexible rotation of camera loca¬ 


tions used by Karanth and Nichols (1998) for 
studying Indian tigers (Panthera tigris ) in an area 
that was accessible by vehicle. Maintaining the 
same camera sites first required optimizing their 
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Figure 18.2 Camera-trap array used for dry-season surveys within the western half of the Cockscomb Basin Wildlife 
Sanctuary (CBWS; outlined). The black dots represent the cameras, and the circles represent a 10-km 2 area surrounding 
each camera. (From Harmsen 2006.) 


positions; thereafter a static grid had the advantage 
of controlling variability in the probability of capture 
from station to station between surveys. 

In 2002, Silver et al. (2004) carried out the first 
jaguar abundance survey, examining photographs 
to estimate abundance through a capture-recapture 
analysis of individual jaguars. We adapted a method¬ 
ology pioneered by Karanth and Nichols (1998) for 
tigers in India (Silver et al. 2004; Karanth et al., Chap¬ 
ter 7, this volume), adjusting the camera-trapping 
grid and modifying camera placement to maximize 
jaguar captures (in this chapter, capture is used syn¬ 
onymously with photograph). An array of 20 camera 
stations, each consisting of two heat- and motion- 
sensitive cameras (Cam Trak South Ltd), were used to 
assess jaguar population abundance across an area of 
at least 236 km 2 (Silver et al. 2004). This sample area 
assumed a minimum jaguar home range of 10 km 2 
(based on Rabinowitz and Nottingham 1986), and 
was determined by drawing overlapping circular 
buffers of 10 km 2 around each camera station and 
calculating the total area encompassed by the 
merged perimeter (Fig. 18.2). Camera stations were 
placed no more than 3 km apart in a pattern that 
ensured that no area greater than 10 km 2 within the 
array lacked a camera (Silver et al. 2004). The survey 
was conducted over a period of 59 days between 


February and April 2002, and surveys lasting 60-90 
days have subsequently been repeated once yearly 
during the dry season. Due to logistical issues, the 
number of camera stations was reduced to 19 after 
the initial survey. Abundance was estimated with 
capture-recapture closed population models using 
the software program CAPTURE (Rexstad and Burn¬ 
ham 1991). To estimate densities for each study site, 
we divided the abundance calculated above by the 
effective sample area. The effective sample area was 
determined by adding to each station a circle with a 
radius equal to half the mean maximum distance 
among multiple captures of individual jaguars dur¬ 
ing the sample period (Wilson and Anderson 1985) 
and then calculating the area bounded by the 
merged perimeter. 

From 2003 to 2007, the established stations were 
operated throughout the year, and additional camera 
traps were placed in a variety of arrays within CBWS 
across a total of 119 locations (Harmsen 2006). Bet¬ 
ween 2004 and 2006, Foster (2008) established 105 
camera locations in the lands neighbouring the east¬ 
ern border of the CBWS, expanding the total study 
area to ~524 km 2 (based on 10 km 2 circular buffers 
centred on each station). She conducted four large- 
scale surveys (22-46 stations with effective sampling 
areas of up to 532 km 2 ) spanning the protected 
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forest, unprotected forest buffer, and unprotected 
fragmented landscape. With one of the largest and 
most intensive camera-trap datasets of any large 
felid, we were able to analyse the photographic data 
to tackle questions not just about jaguar density, but 
also about their demography, ranging behaviour, ter¬ 
ritoriality, habitat use, and activity patterns. The fol¬ 
lowing sections outline the methods for doing this 
and some of our key results emerging from the ongo¬ 
ing work. 


Jaguar density in CBWS 

Between 80 and 90 individual jaguars were photo¬ 
graphed from 2002 to 2007 in and around the CBWS 
(Harmsen 2006; Foster 2008). A range is given be¬ 
cause the dataset includes some single-side photo¬ 
graphs of individuals, due to camera failure. Jaguar 
density estimates from the CBWS range from 3.5 to 
11.0 individuals/100 km 2 during this period (Table 
18.1). These densities are at the high end of densities 
found elsewhere in the geographical range of jaguars 
(Table 18.2; Maffei et al., in press). The lower estim¬ 
ates from the first 2 years of trapping in the CBWS 
reflected lower numbers of individuals captured 
than in subsequent years. Moving some camera loca¬ 
tions even small distances onto paths more often 


frequented by jaguars led to the capture of more 
individuals and more captures of each individual, 
suggesting that camera placement is important in 
the accuracy of population estimates (Harmsen 
2006). Because optimal camera placement maxim¬ 
izes the number of captures used to obtain the abun¬ 
dance estimate, the resulting estimate is likely to be 
more accurate as well as being higher. From 2004 to 
2007, cameras retained their positions on the same 
trees, and population estimates remained higher dur¬ 
ing this period than in the previous years before 
positions were fixed (Table 18.1). 

Harmsen (2006) also carried out a survey within a 
single wet season, and revealed no evidence of seas¬ 
onal variation in density estimates (Table 18.1). Al¬ 
though capture rates of jaguars at individual cameras 
were highly variable between locations, comparisons 
between seasons indicated no strong seasonality 
(general linear model [GLM] with season and loca¬ 
tion as factors, season: F 2 ,6o = 2.82, P = 0.09; loca¬ 
tion: F 9 60 = 2.73, P < 0.05; interaction season x 
location: F 1S 60 = 1.20, P = 0.29; Harmsen 2006). 

Outside the CBWS, Foster (2008) detected a decline 
in jaguar density with distance from the contiguous 
forest block. Lethal control in retaliation for livestock 
predation is common on the lands neighbouring the 
CBWS and is the most likely cause for the observed 
reduction in jaguar density with distance from 


Table 18.1 Population density of jaguars in Cockscomb Basin Wildlife Sanctuary (CBWS) taken from annual 
dry-season jaguar population surveys 2002-2007. Last line shows the single wet-season survey in 2003. 


Year 

Capture rates 

Sample area (km 2 )—using 
accumulated HMMDM 3 

Density/100 km 2 

SE of density 

2002 

0.04 

322 

4.3 

1.2 

2003 

0.06 

289 

3.5 

0.7 

2004 

0.03 

319 

11.0 

3.1 

2005 

0.04 

319 

6.6 

3.1 

2006 

0.07 

319 

6.3 

1.8 

2007 

0.08 

319 

6.9 

1.3 

2003 b 

0.05 

196 

6.1 

1.7 


a HMMDM is half the mean of the maximum distance (in metres) moved by any individual animal that was photographed in more than one 
location during a survey. It reflects the degree to which jaguars range during the survey period. The accumulated HMMDM is the value pooled 
across all individuals from all surveys. 

b Survey undertaken in wet season with reduced number of camera stations. 

Source: From Harmsen (2006). 
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Table 18.2 Jaguar density in different regions of the neotropics based on telemetry and/or camera-trap data. 
Repeated surveys at the same site are shown as separate estimates; alternate methods of estimation using 
the same data are shown as ranges. 


Country 

Habitat 

Density/100 km 2 (SE) 

Method 

Study 

Mexico 

Dry tropical deciduous forest 

1.7 

Telemetry 

1 


Semi-deciduous and seasonally 

4.5-6.7 

Telemetry 

2 


flooded forest 




Guatemala 

Subtropical moist forest with 

-0.7-1.7 

Camera 

3 


seasonally inundated bajo forest 




Belize 

Subtropical moist forest with 

8.8 (2.3), 11.3 (2.7) 

Camera 

4a 


seasonally inundated bajo forest 
Tropical evergreen seasonal 

5.3 (1.8) 

Camera 

4b 


broadleaf secondary forest 

Tropical evergreen and semi¬ 

8.8 (3.7), 18.3 (5.2), 4.8 

Camera 

5 


evergreen broadleaf lowland 
secondary forest 

(1.0), 11.5 (5.5) 




Deciduous semi-evergreen seasonal 

7.5 (2.7) 

Camera 

6a 


forest with pine 




Costa Rica 

Tropical lowland primary rainforest 

7.0 (2.4) 

Camera and 

7 




telemetry 


Brazil 

Atlantic forest—semi-deciduous 

2.2 (1.3) 

Camera and 

8 


rainforest 

3.7 

telemetry 

Telemetry 

9 


Pantanal—seasonally inundated 

4.0 

Telemetry 

10 


alluvial plains: pasture, grassland, 
cerrado, gallery forest, deciduous, 
and semi-deciduous forest 

7 

Telemetry 

11 



1.6 

Telemetry 

12 



5.7 (0.8)-10.3 (1.5) 

Camera and 

13 




telemetry 




5.8 (1.0)-11.7 (1.9) 



Bolivia 

Open canopy forest with palms 

1.7 (0.8), 2.8 (1.8) 

Camera 

14, 6b 


Chaco alluvial plain forest 

5.1 (2.1), 5.4 (1.8) 

Camera 

15a, 6c 



2.1 

Camera 

16a 


Chaco-chiquitano transitional dry 

11.1 

Camera 

16b 


forest with scrub 

4.0 (1.3) 

Camera 

6d 



2.3 (0.9), 2.6 (0.8), 3.1 

Camera 

15b 



(1.0) 




Notes: 1—Chamela-Cuixmala Biosphere Reserve, Jalisco, Nunez et al. (2002); 2—Calakmul Biosphere Reserve, Campeche, Ceballos et al. 
(2002); 3—Mirador-Rio Azul National Park, Novack (2003); 4—(a) Gallon Jug Private Estate; and (b) Fireburn Private Reserve, Miller (2006); 5 
—CBWS, Harmsen (2006); 6—(a) Chiquibul Forest Reserve; (b) Madidi National Park, Tuichi Valley; (c) and (d) Kaa-lya National Park, Gran 
Chaco, Silver eta/. (2004); 7—Corcovado National Park, Salom-Perez etal. (2007); 8—Morro do Diabo State Park, Cullen eta/. (2005); 9— 
Iguagu National Park, Crawshaw et al. (2004); 10—Acurizal and Bela Vista Ranches, Pantanal, Schaller, and Crawshaw (1980); 11—San 
Francisco Ranch, Pantanal, Azevedo and Murray (2007a); 12—Pantanal, Quigley, and Crawshaw (1992); 13—Fazenda Sete Ranch, Pantanal, 
Soisalo, and Cavalcanti (2006); 14—Madidi National Park, Tuichi Valley, Wallace et al. (2003); 15—(a) and (b) Kaa-lya National Park, Gran 
Chaco, Maffei etal. (2004b); 16—(a) Kaa-lya National Park, Gran Chaco; and (b) Kaa-lya National Park, Gran Chaco, Maffei etal. (2004a). 

Source: From Foster (2008). 
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contiguous forest and proximity to human develop¬ 
ment (Foster 2008). 


Jaguar habitat use 

The high jaguar densities observed in the CBWS 
suggest that local conditions are particularly favour¬ 
able for these cats, with abundant prey, optimal 
habitat features, and minimal competition with 
other predators or humans. Analysis of capture 
rates across multiple camera locations can be used 
to reflect site usage by jaguars across the landscape 
and thus make inferences about habitat preferences 
(Foster et al., in press a; Harmsen et al., in press b). 
Within the dense homogenous forest of the CBWS, 
Harmsen et al. (in press b) found no association 
between the capture rates of male jaguars and alti¬ 
tude, slope, or the distance to waterways. The only 
habitat variables significantly correlated with male 
jaguar capture rates were those associated with trails, 
specifically trail width, seasonality, and age. Males 
were captured more frequently on wider, older, per¬ 
manent trails than on narrow, fresh, or seasonal 
trails, presumably because the latter provided reliable 
and easily accessible travel routes through the other¬ 
wise dense secondary vegetation (Harmsen et al., in 
press b). In contrast, Foster et al. (in press a) found 
that capture rates of female jaguars within the forest 
did not vary with trail variables, but increased with 
proximity to flowing water. They suggest that the 
waterways may provide alternative travel routes 
through dense forest which allow females with 
young to avoid trails dominated by males. Harmsen 
et al. (2009) suggested that the lack of territoriality 
and high flux in male dominance documented in the 
CBWS could contribute to higher levels of infanti¬ 
cide. As for many other felids, infanticide has been 
reported in jaguars (Soares et al. 2006) and is ex¬ 
pected to be more common in areas with unstable 
male territories. 


Jaguar territoriality 

Rabinowitz and Nottingham (1986) found that the 
home ranges of five radio-collared male jaguars within 
Cockscomb encompassed between 28 and 40 km 2 . 


Levels of overlap between the males were high, with 
one male's range overlapping others by 80%. Multiple 
males used the same logging roads, leading Rabino¬ 
witz and Nottingham (1986) to conclude that these 
roads were a limiting resource in the dense jungle 
environment. Despite the high level of range overlap, 
they never observed jaguars in the same place at the 
same time. Each would stay for periods of 4-14 days 
within a small area averaging 2.5 km 2 (SD = 0.6 km 2 , 
n = 16), before moving a larger distance again. How¬ 
ever, jaguars did react to the disappearance of conspe- 
cific males in the area with spatial shifts in range use, 
indicating that territoriality played a part in the ran¬ 
ging behaviour of male jaguars in this area. 

Camera traps can be used to examine territoriality 
and ranging behaviour of jaguar populations, with 
the advantage over radio-tracking that they can sam¬ 
ple the full membership of the area, offsetting the 
disadvantage of less intensive information on any 
one individual (Harmsen et al. 2009). The network 
of stations in our study encompassed the same log¬ 
ging roads (now mostly overgrown) that featured in 
Rabinowitz and Nottingham's study (1986). While 
the camera-trap data do not track the movements 
of individuals over time, they do provide timed ob¬ 
servations of every jaguar passing the fixed camera 
location, thereby giving a more complete picture of 
spatial overlap of every individual in the area. Harm- 
sen et al. (2009) collated data from 42 established 
camera stations over 108 location-months, where a 
location-month is the pooled data from a single cam- 
era-trap location for 1 calendar month. These re¬ 
vealed a mode of two male jaguars passing the same 
point within 1 month (56 of 108 sample months, see 
Fig. 18.3), though three males per month was not 
uncommon (21 of 108; Harmsen et al. 2009). Al¬ 
though the sample size of 15 females was much 
lower, the most common occurrence was for a single 
female to be photographed per month per location 
(9 of 15 samples, see Fig. 18.3). The frequency of 
multiple males passing by a camera station within a 
single month suggests that, at least for parts of their 
range, male jaguars do not maintain exclusive terri¬ 
tories in the CBWS (Harmsen et al. 2009), confirming 
the pattern suggested by the telemetry data of Rabi¬ 
nowitz and Nottingham (1986). Extensive overlap 
between adult male jaguar ranges has also been 
observed in the Pantanal (Cavalcanti 2008), and 
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Number of different individuals 

Figure 18.3 Frequency distribution of individual jaguars 
photographed per ‘location-month’ (pooled data per 
camera-trap location per calendar month). Only location- 
months with >1 capture of either sex are counted. Black 
bars show males (n = 108 location-months) and grey bars 
show females (n = 15 location-months). (From Harmsen 
eta/. 2009.) 

contrasts with the characteristic felid social system of 
exclusive territories within the sexes (Sunquist and 
Sunquist 2002). While there was no clear evidence to 
support exclusive territoriality, we do not discount 
the possible exclusive use of core areas, or that 
jaguars use trails to demark territory boundaries. 
Nevertheless, neither possibility completely explains 
the overall spatio-temporal spread of males across all 
119 trap stations used to date, one-fifth of which 
were positioned off established trails (Harmsen 
et al., in press b). 

If male jaguars maintain exclusive territories, we 
would expect to find territory holders having a mark¬ 
edly higher capture frequency than conspecifics cap¬ 
tured at the same location. However, Harmsen et al. 
(2009) found that the most frequently captured jag¬ 
uar at any one location had only one or two more 
photographs taken than the next most frequently 
photographed individual, with a mode of one excess 
capture. Also, the identity of this most frequently 
captured individual changed from month to 
month. Of the 21 camera stations capturing at least 
three different individuals, half had a new 'resident' 
(i.e. most photographed) adult in consecutive 
months, and 20% of the camera stations switched 
back to individuals that had previously held a high¬ 
est capture score per month. Only two locations 
had a consistent record of a single male dominating 
the location for over a year. The findings of Harmsen 


et al. (2009) suggest that territoriality is weakly ex¬ 
pressed in a low consistency of site usage, with just 
2 of the 21 locations indicating the possibility of an 
exclusively used core area. 

Radio-tracking by Rabinowitz and Nottingham 
(1986) revealed how the death of a male jaguar in 
Cockscomb resulted in range shifts in the two neigh¬ 
bouring males. Harmsen (2006) observed a similar 
pattern over a 4-year period in Cockscomb using 
camera traps. Three adult male jaguars were captured 
in an area continuously camera-trapped for 2 years. 
During this time, one of the males was captured on 
average weekly, the other two less frequently, ap¬ 
proximately once every 2 months. Following the 
abrupt disappearance of the resident male, capture 
rates of the two remaining males increased by a fac¬ 
tor of S and 8.5, respectively. 

Harmsen et al. (2009) further explored the data for 
evidence of male jaguars avoiding each other in time. 
If males use temporal avoidance as a strategy, we 
would expect them to move through areas sequen¬ 
tially, with new males only moving into an area once 
they perceive previous males have left, resulting in a 
delay between different males being recorded. If this 
strategy was in effect, we would expect a shorter time 
interval between captures of the same male than 
between captures of different males. In fact, the 
mean interval between photographs at each location 
of same males (8.6 days, n = 151) was longer than the 
interval between different males (7.2 days, n = 248; 
P < 0.05; Harmsen et al. 2009), suggesting that tem¬ 
poral avoidance was not a mechanism used by males. 
Other camera-trap studies on jaguars and felids have 
not explored capture data at this level, yet it can be 
informative about behaviour (e.g. see also the section 
below on jaguar-puma interactions), given a suffi¬ 
ciently dense network of trap stations. 


Capture patterns of male and female 
jaguars 

The mean sex ratio of individual jaguars photo¬ 
graphed on a year-round basis from 2002 to 2007 
within the CBWS was skewed, at three males per 
female. During annual dry season surveys this ratio 
ranged from 4:1 to 15:1 per survey (Table 18.3; 
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Table 18.3 Ratio of male to female jaguars 
photographed during annual camera-trap surveys. 


Year 

Male/female 

2002 

9.0:1 

2003 

8.0:1 

2004 

4.7:1 

2005 

4.7:1 

2006 

15.0:1 

2007 

4.4:1 


Source: From Harmsen (2006). 

Harmsen 2006). Although this may reflect the true 
situation, similarly skewed sex ratios from camera 
traps have been reported from other camera surveys 
in Central America, and in other parts of the jaguars' 
range (Foster 2008; Maffei et al., in press). 

The skewed capture rate has a number of possible 
explanations arising from methodological sampling 
biases (Harmsen 2006; Foster 2008). In the CBWS, 
male jaguars range more widely than females, and so 
are sampled over a larger area by the camera array 
(Harmsen 2006; Foster 2008). Cameras that are 
spaced further apart than the average female home 
range diameter may fail to detect all females within 
the population (Foster 2008). These biases have been 
addressed by Foster by conducting single-sex density 
estimates based on sex-specific sampling areas (Fos¬ 
ter 2008). Males are also more active and have higher 
overlap in home ranges than females (Rabinowitz 
and Nottingham 1986; Harmsen et al. 2009). Both 
these behaviours will increase male capture probabil¬ 
ity over that of females (Harmsen 2006). Inter-sexual 
differences in habitat use and the avoidance of males 
by females (Foster et al. in press a) may also contribute 
to the observed male-biased sex ratio, as males domi¬ 
nate the wider trails which are also preferentially 
used by researchers as camera-trap locations. Harm- 
sen et al. (in press b) attempted to address this issue 
by placing cameras extensively off-trail but they de¬ 
tected no female jaguars in these locations. It is not 
yet apparent where to place cameras in order to max¬ 
imize female captures. The sex ratio of captures out¬ 
side the reserve, in a more open and fragmented 
landscape is much closer to 1:1, potentially because 


the more even distribution of roads and paths may 
make it more difficult for males to dominate them 
(Foster 2008). 

Two adult jaguars were captured in the same pho¬ 
tograph on two occasions, but for only one of these 
events could we confirm that the pair was a male and 
female (Harmsen 2006). This particular male and 
female were photographed together 12 times across 
a period of 2 days, and mating calls were heard from 
the direction of the camera, which was situated close 
to the research station (Harmsen 2006). Males do not 
appear to seek out females outside of these short¬ 
term mating events, and communication between 
the sexes probably takes place mostly at a distance 
using marking behaviour. Nevertheless, Harmsen 
(2006) showed that whenever two jaguars were cap¬ 
tured at the same location within a 24-h period they 
were more likely to be of opposite sex than both 
males, despite the overall lower capture rate of fe¬ 
males than males (7% of 248 male-male events, 
and 14% of 67 male-female or female-male events 
were same-day captures: X x 2 = 4.20, P < 0.05). 


Jaguar diet 

Jaguar diet is highly variable, with more than 85 prey 
species taken across their geographic range, and bet¬ 
ween 8 and 24 prey species documented in the diet at 
any one site (in Foster 2008). Peccaries, deer, large 
caviomorph rodents, armadillos, and coatis are the 
main prey taken (Oliveira 2002a). Studies from 
across the jaguar's geographical distribution show 
their willingness to take a range of prey items, from 
cattle weighing over 200 kg down to small rodents, 
with only peccary and deer (white-tailed, Odocoileus 
virginianus, or red brocket, Mazama americana ) uni¬ 
versally taken—or available to be taken—across all 
regions (e.g. Rabinowitz and Nottingham 1986; 
Emmons 1987; Taber et al. 1997; Nunez et al. 2000; 
Crawshaw and Quigley 2002; Leite and Galvao 2002; 
Scognamillo et al. 2003; Novack et al. 2005). Both of 
these preys are also popular game species throughout 
the jaguar's geographical distribution, highlighting 
the need for no-hunting zones outside as well as 
inside nature reserves, which can act as refuge 
sources for key prey to vulnerable predators. 
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Dietary studies of the Cockscomb jaguar popula¬ 
tion have been undertaken periodically over the past 
two (Table 18.4) decades. Rabinowitz and Notting¬ 
ham (1986) first examined jaguar diet using scat 
analysis before the area was formally protected 
(Table 18.4). They characterized jaguars as opportu¬ 
nistic predators with a diet that largely reflected the 
relative abundance of prey species. The nine-banded 
armadillo (Dasypus novemcinctus ) made up 54% of 
prey items taken and they speculated that this re¬ 
flected intense hunting pressure by humans on 
other popular game species. Although the CBWS 
suffers occasional incursions by poachers at the 
edges today (R. Foster and B. Harmsen, personal ob¬ 
servation), it is likely that prey populations have 
improved since hunting within the study area be¬ 
came illegal. In a 4-year study of feeding ecology 
conducted 20 years after the establishment of the 
CBWS, Foster et al. (in press b) found that armadillos 
remained the most common species in jaguar diet, 
still comprising half the prey items taken in a sample 
of 204 jaguar scats. At the same time, the occurrence 
of peccaries in the diet increased by a factor of 4, 
suggesting that protection may have aided peccary 
recovery. The continued high predation on armadil¬ 
los despite this increase in use of larger ungulates led 
Foster et al. (2008) to hypothesize that armadillos in 
CBWS are abundant, are exploited opportunistically 
by jaguars, and may play an important role in main¬ 
taining the high jaguar density observed in CBWS. 
Although jaguars may adapt to a wide range of prey, 
including relatively small species such as armadillos, 
models of the energetics of reproduction predicted 
that female breeding is probably limited by the avail¬ 
ability of larger prey such as peccaries and deer (Fos¬ 
ter 2008). In the unprotected fragmented lands 
neighbouring the CBWS, jaguars rarely ate large 
wild ungulates; instead, a diet of relatively small 
prey was supplemented with larger domestic ani¬ 
mals, primarily cattle (Foster et al. in press b). 


Interaction between jaguars and 
pumas 

Jaguars are sympatric with pumas across their entire 
range and are of a similar size and weight class: head- 


body lengths are 1.10-1.85 m for jaguars and 0.86- 
1.54 m for pumas, with adult body weights of 30-158 
kg for jaguars and 24-120 kg for pumas (Emmons 
and Feer 1997; Reid 1997). Where they coexist, how¬ 
ever, jaguars tend to be larger than pumas (Iriarte 
etal. 1990). The jaguars and pumas inhabiting Belize 
are among the smallest in their geographic ranges 
(Iriarte et al. 1990). Studies to identify mechanisms 
of coexistence of these similar-size predators have 
been conducted in and around the CBWS, investigat¬ 
ing spatial and temporal partitioning and differences 
in food habits (Harmsen 2006; Foster 2008; Harmsen 
et al. 2009; Foster et al., in press b). 

The ratio of jaguars to pumas within the CBWS is 
unknown due to the difficulty of identifying individ¬ 
ual pumas from camera-trap photographs. Although 
it is sometimes possible to identify individual pumas 
for abundance estimation (e.g. Kelly etal. 2008), this 
technique relies on sufficient variation in scars and 
skin parasites within the study population to con¬ 
sistently distinguish all individuals through time. 
Although pumas in the CBWS could not be individ¬ 
ually identified to a level which allowed reliable den¬ 
sity estimation, total captures of jaguars and pumas 
from 2003 to 2005 were similar (619 and 576, respec¬ 
tively; Harmsen 2006). If jaguars and pumas have 
similar chances of capture across the survey grid, 
similar total captures would imply similar abun¬ 
dances. However, Harmsen et al. (in press b) found 
that short-term recognition of pumas within the 
CBWS was possible over small areas and short time 
periods. This revealed fewer pumas than jaguars, and 
high capture rates of a few individual pumas versus 
relatively few captures of numerous jaguar indivi¬ 
duals. Harmsen et al. (in press b) found that pumas 
followed trails more consistently than jaguars, and 
had fewer excursions off-trail, while jaguars used the 
surrounding forest matrix more than pumas. Indi¬ 
vidual pumas were more likely to be captured at 
multiple locations along the trail within short time 
periods, compared to individual jaguars, which were 
more often captured only once. Individual pumas 
were captured at significantly more consecutive cam¬ 
eras along the trail than jaguars, indicating a higher 
tendency for pumas to remain walking on trail than 
jaguars. In contrast, when individuals of either spe¬ 
cies were captured at the start and end of the trail, 
jaguars were less likely to be captured on the middle 
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cameras than were pumas, indicating a higher ten¬ 
dency for jaguars to leave the trail than pumas 
(Harmsen et al., in press b). The differential trail use 
means that individual pumas have a greater proba¬ 
bility of being photographed on trails than do indi¬ 
vidual jaguars, thereby biasing a comparison of 
relative capture rates towards pumas for any camera 
network in which the majority of camera traps are on 
established trails. Given the overall similarity in cap¬ 
ture rates of jaguars and pumas, this indicates that 
jaguars are probably more abundant within the 
CBWS than pumas. Differences in trail usage by 
pumas and jaguars suggest a need for caution in 
trying to index abundance from relative capture 
rates of these two cat species for camera grids which 
mainly use trail-based camera locations. This finding 
also indicates that jaguars prefer moving off trail 


through the forest matrix compared to pumas. Harm- 
sen et al. (in press b) suggested that the short-limbed, 
stocky jaguar is better suited to travelling through 
thick vegetation compared to the leaner, long-limbed 
puma, whose agility is lost in dense undergrowth. 

Harmsen et al. (2009) found that jaguars and 
pumas inhabiting the CBWS had similar 24-h activity 
patterns, both being primarily nocturnal (Fig. 18.4). 
Jaguar and puma capture frequencies were positively 
correlated at each camera location (r = 0.65 between 
logio captures, P < 0.01, n = 93; Harmsen et al. 2009), 
indicating that both species use the same areas with¬ 
in CBWS in roughly equal proportions (Fig. 18.5a). 
However, the two species appear not to use the same 
areas at the same time. Their capture rates were never 
simultaneously high at the same location within 
the same month (Fig. 18.5b; Pearson correlation 



Figure 18.4 Percentage of 
jaguar and puma captures per 
hour (jaguar n = 397, puma n = 
413), based on camera-trap data 
collected from 2003 to 2005. 
(From Harmsen et al. 2009.) 
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Figure 18.5 Relationship between jaguar and puma captures in the CBWS from 2003 to 2005: (a) Jaguar and puma 
captures at each camera location; and (b) jaguar and puma capture rate per ‘camera-month’ (a single camera location over 
the period of 1 month). (From Harmsen et al. 2009.) 
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between log 10 non-zero captures, r = 0.09, P = 0.17, n 
= 258; Harmsen etal. 2009). Further investigation of 
the time intervals between consecutive captures of 
jaguar and puma at the same locations showed sig¬ 
nificantly longer interspecific intervals between jag¬ 
uar and puma captures than the intraspecific 
intervals between jaguar-jaguar and puma-puma 
captures (P < 0.01; Harmsen et al. 2009). The mean 
interval between sequential jaguar-puma photo¬ 
graphs was 8.5 days (n = 166), and between sequen¬ 
tial puma-jaguar photographs was 10 days (n — 173). 
But the mean interval between jaguar-jaguar photo¬ 
graphs was 7.6 days (n = 278), and between puma- 
puma photographs was 7.5 (n = 258), suggesting that 
jaguars and pumas actively avoid one another more 
than their conspecifics (Harmsen et al. 2009). Scog- 
namillo etal. (2003) likewise never found jaguars and 
pumas in close proximity in the Venezuelan Llanos, 
despite similar habitat use and activity schedules. 
Their result was not calibrated against intraspecific 
avoidance, however, which is a prerequisite for 
estimating interspecific competition. 

Although Harmsen et al. (2009) found evidence of 
interspecific avoidance between jaguars and pumas, 
it is unknown whether this behaviour is mutual or 
one-sided. The more powerful jaguar may be ex¬ 
pected to dominate the somewhat lean, agile puma, 
a supposition that is supported by anecdotal evi¬ 
dence of jaguars killing and eating pumas (B. Miller, 
personal communication). Under such a scenario, 
pumas would be expected to avoid direct confronta¬ 
tion with jaguars. Harmsen et al. (in press a) studied 
the scrape-marking behaviour of both cat species in 
sympatry and found that pumas mark more fre¬ 
quently than jaguars on forest trails. They suggest 
this may be a mechanism by which pumas commu¬ 
nicate discretely with other conspecifics while tem¬ 
porally avoiding jaguars. 

Because sympatric jaguars and pumas often use 
the same habitats and follow similar activity patterns 
(e.g. Nunez et al. 2002; Scognamillo et al. 2003; and 
Harmsen et al. 2009, in press b), it is reasonable to 
hypothesize that in such areas coexistence may be 
facilitated by selecting different prey species. Foster 
et al. (in press b) compared the food habits of jaguars 
and pumas in sympatry using the largest sample 
of scats to date (362 jaguars and 135 pumas). The 


approximate 3:1 ratio of jaguar to puma scats sup¬ 
ports the conclusions of Harmsen et al. (in press b) 
and Foster et al. (in press b) that jaguars are more 
abundant in the area than pumas. 

Within the CBWS, Foster et al. (in press b) found 
that the main size classes of prey taken by jaguars 
and pumas were similar, but they had significantly 
lower dietary overlap than expected by chance, with 
each cat species relying heavily on a single different 
small prey. Jaguars mainly ate armadillos, while 
pumas predominately ate pacas ( Agouti paca). Both 
cats also took larger prey, mainly red brocket deer by 
pumas and white-lipped peccaries (Dictolyes pecan ) 
by jaguars (Foster et al., in press b). Although pumas 
did eat some white-lipped peccaries, they were main¬ 
ly juveniles, while jaguars tended to take the adults. 
Foster etal. (in press b) suggest that jaguars, equipped 
with powerful jaws and short muscular limbs, are 
better adapted than pumas to hunt and kill danger¬ 
ous species like white-lipped peccaries and armoured 
species such as armadillos. In contrast, the longer 
limbed puma is perhaps better suited to catching 
agile prey such as pacas and brocket deer. They sug¬ 
gest that the time spent by pumas walking on trails 
(Harmsen et al., in press b) may limit predation on 
armadillos because when in the undergrowth these 
species may be less easy to detect than larger species 
such as pacas. In contrast, Foster et al. (in press b) 
suggest that jaguar encounter rates with armadillos 
are likely to be higher than for pumas due to 
the jaguars' habit of walking off trail (Harmsen 
et al., in press b). 

Camera and scat data provided evidence that, un¬ 
like jaguars, pumas were virtually absent in fragmen¬ 
ted landscape neighbouring the CBWS (Foster 2008; 
Foster et al., in press b). Foster et al. (in press b) 
suggest that the scarcity of pumas, compared to 
jaguars, in the unprotected lands outside the CBWS 
may reflect competition with humans for pacas and 
deer, both prized game species in the region, and a 
reluctance to hunt livestock. In contrast, they pro¬ 
pose that jaguars are flexible in their use of the 
human-influenced landscape due to their ability to 
exploit armadillos, a less-valued and potentially 
more abundant game species in Belize, and occasion¬ 
ally hunt domestic animals when larger ungulates 
are scarce (Foster et al., in press b). 
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Future directions for jaguar 
research in the CBWS 

While camera trapping is a technique that has been 
widely employed for assessing population abun¬ 
dance, we have also found it invaluable for gaining 
wider insight into the behavioural ecology of the 
jaguar. Camera data from continued jaguar surveys 
will allow us to address questions about home range 
tenure, and population fluctuations in the CBWS 
jaguar population. Foster (2008) highlighted the 
need for field data on demographic rates and disper¬ 
sal to improve population viability analyses of 
jaguars. Long-term population data from the CBWS 
will soon be sufficient to estimate jaguar survival and 
recruitment. Annual surveys monitoring the popula¬ 
tion have continued into 2008, though funding for 
future surveys is uncertain. Continuation of this re¬ 
search is crucial, as the data will ultimately provide 
the first reliable field-based estimates of jaguar vital 
rates. Expanding the size of the survey areas will help 
us better define the size of jaguar home ranges, their 
ranging behaviour, and home range use, to comple¬ 
ment the more intensive, though less extensive, data 
from radio-tracking which we hope to start collect¬ 
ing in the near future. The properties of jaguar dis¬ 
persal are virtually unknown from any part of its 
geographical range, and they require elucidation. 
Density estimates from camera-trap studies com¬ 
bined with movement data obtained from radio-col¬ 
lared members of the population could contribute to 
a better understanding of jaguar dispersal. Valid as¬ 
sessments of the probability of long-term jaguar per¬ 
sistence require more information about dispersal, 
and ranging behaviour in general, not only in Belize, 
but also in other range countries (Foster 2008). 

Around the world, many camera-trap datasets 
have been collected for abundance estimates of elu¬ 
sive large cats; some of these could be deployed 
productively to study interactions within and bet¬ 
ween felid species, especially shared use of space in 
relation to population density and diet. Camera 
trapping provides a useful complement to telemetry 
as a method of studying social interactions, by vir¬ 
tue of it more fully sampling the complete array of 
players within an area. In future work, we will be 
using radio-telemetry in combination with camera 


trapping to fill important gaps in our understanding 
of how jaguars move through their environment 
daily and seasonally, and the mechanisms that 
allow jaguar to coexist with each other and with 
pumas. There remain many questions concerning 
jaguar life history and social interactions that will 
be solvable only through simultaneous application 
of multiple techniques. 

Jaguar density estimation using camera traps will 
greatly benefit from improved data on ranging beha¬ 
viour, particularly of females (Foster 2008). Since 
females appear to avoid trails dominated by males 
(Foster et al., in press b), there is an urgent need to 
optimize methods to detect female jaguars off-trail 
within forests (Foster 2008; Harmsen et al., in press b). 
Camera traps are not suitable for capture off-trail as 
they depend on trails as funnels to direct the target 
species past the camera (Harmsen et al., in press b). An 
alternative method that is currently being explored 
is the genetic analysis of scats which are collected off- 
trail using trained detector dogs. A recent pilot study 
in the CBWS has demonstrated a high rate of scat 
detection off-trail by the dogs, but methods to geno¬ 
type scat samples to sex and to the individual are 
still being refined (A. Devlin, unpublished data; C. 
Pomilla, personal communication). Once refined, 
these genetic methods will also allow an investiga¬ 
tion of sexual differences in prey selection, and ener¬ 
getics models which predict that breeding females 
require a higher frequency of large prey in their diet 
than males (Foster 2008) can be formally tested. Esti¬ 
mates of wild prey abundance will allow us to assess 
whether there are sufficient prey available for female 
reproduction, and will also improve our understand¬ 
ing of the extent to which differences between jaguar 
and puma feeding habits influence or facilitate their 
coexistence. Because low visibility in dense secondary 
forest may hinder techniques such as distance sam¬ 
pling (Foster 2008) to assess prey availability, pilot 
studies in the CBWS are assessing the relative abun¬ 
dance of pacas and armadillos using a number of 
independent methods that can be cross-validated 
(Bies and Harmsen, unpublished data) and there are 
also plans to begin monitoring the larger prey species. 
Genetic data from scats collected in and around the 
CBWS are also contributing to a database for the 
analyses of the genetic diversity of jaguars across 
their entire range (C. Pomilla, unpublished data). 
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Basic natural history data are sometimes underval¬ 
ued in conservation programmes which, under¬ 
standably, want to solve practical problems with a 
high degree of urgency. While the natural histories of 
other endangered big cats such as lions (Panthera leo) 
and tigers are well known (e.g. Sunquist and Sun- 


quist 2002), we are only just beginning to accumu¬ 
late such data on the jaguar. Our knowledge of jaguar 
ecology in the CBWS serves as a platform from which 
we can answer critically important questions about 
how these animals survive in the moist forests of 
Central America. 



